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H i s t o r i c a l  Review 

T h e  carbonaceous c h o n d r i t e s  have occupied an i n t e r e s t i n g  p l a c e  i n  the 

s t u d y  of m e t e o r i t e s  f o r  many years.  Some 1 7  s t o n e s  be long ing  t o  t h i s  

g e n e r a l  c l a s s i f i c a t i o n  are  known and a u t h o r i t i e s  agree on t h e i r  c l a s s i -  

f i c a t i o n ,  b u t  pe rhaps  a n o t h e r  ha l f -dozen  might be  inc luded  i n  t h i s  t y p e  of 

s t o n e .  They c o n t a i n  ca rbon  i n  e a s i l y  d e t e c t a b l e  amounts,  and i n  some of 

t h e m  t h e r e  i s  e a s i l y  r ecogn ized  carbonaceous material. They r e p r e s e n t  t h u s  

some t h r e e  p e r  c e n t  of t h e  t o t a l  observed f a l l s ,  and though t h e y  are a minor 

f r a c t i o n  of t h e  t o t a l  t h e y  are f a r  from being n e g l i g i b l e  i n  number. 

The f i r s t  s t o n e  of  t h i s  c l a s s  was observed t o  f a l l  on March 15 ,  1806, 

i n  A l a i s ,  France.  T h i s  s t o n e  w a s  s e n t  t o  B e r z e l i u s  who i n  1834 examined 

it chemica l ly .  H e  a p p e a r s  t o  have been t h e  f i r s t  s c i e n t i s t  of  r e p u t a t i o n  

t o  have remarked about t h e  s i m i l a r i t y  of i t s  ca rbonaceous  compounds t o  

terrestr ia l  b i o l o g i c a l  material, and he asked t h e  q u e s t i o n ,  "Does t h i s  

ca rbonaceous  e a r t h y  material t r u l y  c o n t a i n  humus o r  a t r a c e  of o t h e r  

o r g a n i c  compounds? Does t h i s  p o s s i b l y  g i v e  a h i n t  conce rn ing  t h e  p r e s e n c e  

of o r g a n i c  s t r u c t u r e s  i n  o t h e r  p l a n e t a r y  b o d i e s ? "  T h i s  q u e s t i o n  h a s  been 

a sked  r e p e a t e d l y  d u r i n g  t h e  years s i n c e ,  b u t  p o s s i b l y  on ly  i n  v e r y  r e c e n t  

y e a r s  have t h e  t e c h n i q u e s  developed t o  a p o i n t  d e r e  a d e f i n i t e  answer can 

be given.  

Wdhler and Hdrnes i n  1859 i n v e s t i g a t e d  a n o t h e r  s t o n e ,  Kaba, which f e l l  

i n  Hungary, and as a r e s u l t  of t h e i r  work t h e y  b e l i e v e d  t h a t  t h e  
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carbonaceous  compounds were of b i o l o g i c a l  o r i g i n .  I n  1864 a s t o n e  f e l l  n e a r  

t h e  v i l l a g e  of Orgue i l  i n  France.  The s t o n e s  were p icked  up immediately 

a f t e r  t h e  f a l l  and were ana lyzed  by Daubree and CloBz. The f r e s h  s t o n e  

con ta ined  a n  ammonium s a l t ,  probably amonium c h l o r i d e  , which  was r e p o r t e d  

t o  accumula te  on t h e  f u s e d  c r u s t  of t h e  s tone  i n  t h e  c o u r s e  o f  t i m e .  CloBz 

found organic  matter comparable t o  peat, l i g n i t e ,  and o r g a n i c  m a t t e r  i n  

s o i l s .  The t o t a l  carbonaceous  material amounted t o  6.4% accord ing  t o  t h e s e  

workers ,  and t h i s  i s  s i m i l a r  t o  t h a t  r e p o r t e d  by Wiik i n  1956, though t h e  

two t y p e s  of a n a l y s e s  are n o t  e x a c t l y  comparable .  

B e r t h e l o t  examined t h e  Orguei l  m e t e o r i t e  i n  1868 and r e p o r t e d  m a t e r i a l  

s imi l a r  t o  pe t ro l eum of  t h e  g e n e r a l  formula C n H 2n+2' 

c o n c l u s i o n  t h a t  t h e  compounds were hydrocarbons.  I t  is  i n t e r e s t i n g  t o  no te  

t h a t  d u r i n g  t h e  n i n e t e e n t h  c e n t u r y  o u t s t a n d i n g  chemists  i n v e s t i g a t i n g  t h e  

m a t e r i a l  i n  t h e s e  m e t e o r i t e s  r e p o r t e d  material similar t o  t h a t  found on 

e a r t h  which i s  c o n f i d e n t l y  a s c r i b e d  t o  decomposi t ion  p r o d u c t s  of b i o l o g i c a l  

m a t e r i a l .  

I n  f a c t ,  it w a s  h i s  

Not u n t i l  1953 d id  Muel le r  a g a i n  u n d e r t a k e  t o  i n v e s t i g a t e  t h e  carbona-  

ceous  material i n  t h e s e  o b j e c t s .  H e  i n v e s t i g a t e d  t h e  Cold Bokkeveld 

meteorite and r e p o r t e d  t h a t  carbonaceous material c o n t a i n i n g  ca rbon ,  n i t r o g e n ,  

oxygen, hydrogen, s u l f u r  a rd  c h l o r i n e  c o u l d  be  e x t r a c t e d  from t h i s  s tone .  

T h i s  l a t t e r  o b s e r v a t i o n  i s  somewhat d i f f e r e n t  from t h a t  of t h e  e a r l i e r  

i n v e s t i g a t o r s  f o r  material of t h i s  composi t ion  would h a r d l y  cor respond t o  

hydrocarbons  as r e p o r t e d  e a r l i e r .  Of c o u r s e  any e x t r a c t  i s  l i k e l y  t o  c o n s i s t  

of a m i x t u r e  of chemica l  compounds. 

During r e c e n t  y e a r s  c a r e f u l  s t u d i e s  have been made o f  the chemica l  

compos i t ion  o f  t h e  i n o r g a n i c  m a t e r i a l s .  B e r z e l i u s  observed  c l a y - l i k e  

m i n e r a l s  and t h i s  o b s e r v a t i o n  has been confirmed by l a te r  workers .  P i s a n i ,  

1864,  and CloBz, 1864, independent ly  demonst ra ted  t h e  p r e s e n c e  of s o l u b l e  
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' s a l t s  of ammonium, po ta s s ium,  magnesium and sodium w i t h  s u l f a t e  and c h l o r i n e  

as  t h e  a n i o n s .  Ammonia was n o t  found by W i i k  and it p robab ly  h a s  escaped 

' from t h e  s tone  d u r i n g  t h e  c e n t u r y  of s t o r a g e .  

T h e  Orgue i l  m e t e o r i t e  c o n t a i n s  c o n s i d e r a b l e  amounts of water. W i i k  

r e p o r t e d  19.89% b u t  ea r l i e r  o b s e r v e r s  found somewhat less. I t  a p p e a r s  t h a t  

these s t o n e s  abso rb  water from t h e  a tmosphere i n  v a r i a b l e  amounts,  though 

Boa to  showed on t h e  b a s i s  of t h e  i s o t o p i c  compos i t ion  of t h e  water e x t r a c t e d  

t h a t  t h a t  removed a t  h i g h e r  t e m p e r a t u r e s  i s  d e f i n i t e l y  d i f f e r e n t  from any 

t e r r e s t r i a l  s o u r c e s  of water .  It a p p e a r s  t h e r e f o r e  t h a t  some of t h e  water 

h a s  exchanged with t e r r e s t r i a l  a tmosphe r i c  water but t h a t  p a r t  o f  t h e  water 

h a s  remained i n  t h e s e  s t o n e s  from t h e  titre of f a l l .  The d i f f e r e n c e  i n  
f r a c t i o n a t i o n  of t h e  i s o t o p e s  

i s o t o p i c  composi t ion i s  n o t  so  g r e a t  b u t  what chemica l  MksMmmw *- 
of hydrogen may account  e n t i r e l y  f o r  t h e  d i f f e r e n c e  i n  t h e  observed compos i t ions .  

I n  1924 Spielmann suggested t h a t  t h e  carbonaceous materiak were produced 

by t h e  a c t i o n  of t e r r e s t r i a l  water on ind igenous  m e t a l  c a r b i d e  m i n e r a l s  i n  

t h e  m e t e o r i t e s .  But no one has  e v e r  found c a r b i d e s  i n  t h e  carbonaceous 

c h o n d r i t e s  and t h e  o b s e r v a t i o n  t h a t  f a t t y  a c i d s  are p r e s e n t  i n  t h e s e  m e t e o r i t e s  

as w e l l  as o t h e r  compl i ca t ed  compounds t o  b e  d i s c u s s e d  l a te r  shows d e f i n i t e l y  

t h a t  t h i s  canno t  be t h e  o r i g i n  o f  t h e s e  compounds. 

Mineral  and I n o r g a n i c  Chemical Composition - 
I n  more r e c e n t  y e a r s  Nagy and Anders and t h e i r  coworkers  have s t u d i e d  

t h e  m i n e r a l  compos i t ion  and have r e p o r t e d  t h e  p r e s e n c e  of f e r r o u s  magnesium 

c a r b o n a t e ,  ca l c ium magnesium c a r b o n a t e ,  and magnesium s u l f a t e .  They have 

conc luded  t h a t  a t  least  c e r t a i n  of t h e s e  m e t e o r i t e s  c o n s i s t  of o r i g i n a l  

m i n e r a l  m i x t u r e s  which have been a c t e d  upon by water. 

The chemical composit i on  of t h e s e  o b j e c t s  v a r i e s  c o n s i d e r a b l y  w i t h  

r e s p e c t  p a r t i c u l a r l y  t o  t h e  c o n t e n t  of  i r o n ,  water ,  s u l f u r ,  and ca rbon ,  and 

t h e r e f o r e  i n  o r d e r  t o  make a comparison w i t h  o t h e r  o b j e c t s  i n  r e g a r d  t o  t h e  
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more abundant e l emen t s ,  a n a l y s e s  c a l c u l a t e d  w i t h  t h e  s u l f u r ,  ca rbon ,  and 

water e l i m i n a t e d  are l i s t e d  i n  Table  1. The  columns g i v e  t h e  chemica l  

a n a l y s e s  of t h e  Orgue i l  m e t e o r i t e ,  t h e  Mighei m e t e o r i t e ,  and t h e  a v e r a g e  

of t h e  h i g h  i r o n  group c h o n d r i t e s .  The a n a l y s e s  of O r g u e i l  and Mighe i  

are from t h e  work of W i i k  who c l a s s i f i e d  the  carbonaceous c h o n d r i t e s  i n t o  

t h r e e  groups - Type 1 c o n t a i n i n g  15-20% of water and no  metal, Type 2 

c o n t a i n i n g  abou t  10% of water a n d  v e r y  small amounts of  metal, and Type 3 

c o n t a i n i n g  c o n s i d e r a b l e  amounts of metal, very l i t t l e  water, and small 

amounts of  ca rbon .  T h i s  l a s t  group h a s  been r e c l a s s i f i e d  by Mason as t h e  

o l i v i n e - p i g e o n i t e  c h o n d r i t e s .  Orgue i l  and Mighei are Types 1 and 2 r e spec -  

t i v e l y .  It  w i l l  be  noted from Tab le  1 t h a t  t h e  compos i t ion  of t h e  carbona-  

ceous  c h o n d r i t e s  i s  v e r y  s imi la r  t o  t h a t  of t h e  h i g h  i r o n  g roup  c h o n d r i t e s  

as c l a s s i f i e d  by Urey and C r a i g  w i t h  r e s p e c t  t o  o t h e r  e l e m n t s  t h a n  s u l f u r ,  

c a r b o n ,  and water. It w i l l  be  no ted ,  hawever, t h a t  t h e  r a t i o  of i r o n  t o  

s i l i c o n  is s l i g h t l y  h i g h e r  i n  t h e  c h o n d r i t i c  m e t e o r i t e s  of Type 1 t h a n  i s  

t r u e  f o r  t h e  h igh  i r o n  group c h o n d r i t e s  as a group. Thus t h e  c o n c e n t r a t i o n  

of i r o n  i s  e x c e p t i o n a l l y  high i n  t h e s e  o b j e c t s .  

T a b l e  2 g i v e s  t h e  p e r c e n t a g e  .of s u l f u r ,  water, and ca rbonaceous  

material  a c c o r d i n g  t o  W i i k ' s  ana lyses .  We t h u s  see t h a t  t h e r e  are  s u b s t a n t i a l  

amounts of s u l f u r  and water and carbonaceous material i n  t h e s e  o b j e c t s .  

The s a l t s  observed are  t h o s e  t h a t  are c h a r a c t e r i s t i c  of what w e  e x p e c t  

t h e  p r i m i t i v e  Oceans of t h e  e a r t h  t o  have been. I n  t h e  absence of a n  

o x i d i z i n g  atmosphere we would expec t  t o  f i n d  s u c h  reduced s u b s t a n c e s  as t h e  

f e r r o u s  i o n ,  ammonium i o n ,  s u l f i d e ,  and m l f u r ,  though as time p r o g r e s s e d  w e  

e x p e c t  t h a t  Carbonaceous material was o x i d i z e d  t o  c a r b o n a t e  and s u l f i d e  t o  

s u l f a t e .  A s  has  been p o i n t e d  out e l s e w h e r e ,  w e  can e x p e c t  t h a t  hydrogen 

p e r o x i d e  would b e  produced by u l t r a v i o l e t  l i g h t  on s u c h  a p r i m i t i v e  e a r t h ,  
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' and L e w i s  has snown t h a t  hydrogen p e r o x i d e  w i l l  produce b o t h  s u l f u r  and s u l f a t e  

from s u l f i d e .  We can  e x p e c t  t h a t  one of t h e  f i r s t  o x i d a t i o n  p r o d u c t s  of i r o n  

- a c t e d  upon by water w i l l  be magnetic i r o n  o x i d e  which i s  a l s o  observed i n  these 

o b j e c t s .  The m i n e r a l s  observed a r e  indeed t h o s e  t h a t  would be c h a r a c t e r i s t i c  

of a p r i m i t i v e  ocean,  but  t h e  chemical  compos i t ion  shows t h a t  n o  s o r t i n g  by 

running water h a s  occu r red  s i n c e  t h e  compos i t ion  i s  so s imi l a r  t o  t h a t  of 

o t h e r  m e t e o r i t e s  which approximate t o  o u r  i d e a s  of t h e  p r i m i t i v e  abundances 

of t h e  e l emen t s .  

The m i n e r a l  s t r u c t u r e  of t h e  O r g u e i l  m t e o r i t e  i s  q u i t e  remarkable .  I n  

F i g u r e  1 we see a m i n e r a l  g r a i n  a t  t h e  l o w r  r igh t -hand  s i d e ,  a d  a v e r t i c a l  

magnesium s u l f a t e  v e i n  toward t h e  midd le  r e g i o n  of t h e  p i c t u r e .  The o t h e r  

m i n e r a l s  are similar t o  c l a y s .  T h i s  microphotograph i s  0.7 mm. wide.  I n  

F i g u r e  2 w e  see some l a t h - l i k e  s t r u c t u r e s  ve ry  similar t o  c l a y  s t r u c t u r e s .  

These s t r u c t u r e s  are v e r y  s i m i l a r  t o  what are c a l l e d  p y r o c l a s t i c  s ed imen t s  - 

t h a t  i s ,  sed imen t s  of  v o l c a n i c  ash o r  something of t h i s  s o r t  s e t t l i n g  i n  water. 

T h i s  i n d i c a t e s  t h a t  t h i s  material  has had a low t e m p e r a t u r e  h i s t o r y  and i n  

p h y s i c a l  appea rance  i s  s imi l a r  t o  t e r res t r ia l  a s h  f l o w s ,  a l t h o u g h  t h e  Orgue i l  

m e t e o r i t e  h a s  a comple t e ly  d i f f e r e n t  chemica l  c o m p o s i t i o n ,  s i n c e  t e r r e s t r i a l  

a s h  f l o w s  have a n  approx ima te ly  g r a n i t i c  composi t ion which is  much h i g h e r  i n  

- 

t h e  c o n s t i t u e n t s  aluminum o x i d e ,  s i l i c o n  oxide,  and c a l c i u m  o x i d e ,  and is  

lower i n  magnesium t h a n  is  t r u e  of t h i s  m e t e o r i t e .  These m i n e r a l o g i c a l  s t u d i e s  

have been made by DuFresne and Anders and by Nagy. 

R e p o r t s  of  B i o l o g i c a l  Material - 
I n  1961,  Nagy, Meinschein,  and Hennessy p r e s e n t e d  r e s u l t s  of  t h e i r  s t u d i e s  

on carbonaceous c h o n d r i t e s  t o  t h e  N e w  York Academy o f  S c i e n c e s ,  and t h i s  paper  

and t h e i r  subsequent  work r a i s e d  much c o n t r o v e r s y  i n  r ega rd  t o  t h e  c h a r a c t e r  

of t h e  o rgan ic  material p r e s e n t  i n  t h e s e  o b j e c t s .  They had been working on 

t h e  o r g a n i c  chemis t ry  of petroleum and found on t h e  b a s i s  of tes ts  s imilar  t o  
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. t h o s e  which t h e y  had been using in t h i s  f i e l d  t h a t  the m a t e r i a l  i n  t h e  O r g u e i l  

m e t e o r i t e  was v e r y  s i m i l a r  t o  t e r r e s t r i a l  f o s s i l  b i o l o g i c a l  m a t e r i a l .  S t u d e n t s  

of m e t e o r i t e s  i n c l u d i n g  t h e  p r e s e n t  writer were immediately c e r t a i n  t h a t  t h i s  

could n o t  be  t r u e ,  because of t h e  mine ra l  chemical  compos i t ion  d i s c u s s e d  above 

which s t r o n g l y  i n d i c a t e s  t h a t  n o  s o r t i n g  of  material  as found i n  s e d i m e n t a r y  

rocks  had o c c u r r e d .  It i s  d i f f i c u l t  t o  b e l i e v e  that b i o l o g i c a l  m te r i a l  c o u l d  

have evolved i n  t h e  absence  of wa te r  and hence t h e  i n o r g a n i c  c o n s t i t u e n t s  

shou ld  have been s u b j e c t e d  t o  t h e  s o r t i n g  e f f e c t s  observed as a r e s u l t  of t h e  

p r e s e n c e  of water. T h i s  r e a c t i o n  of spec ia l i s t s  i n  t h e  f i e l d  of  m e t e o r i t e s  

came a s  a g r e a t  s u r p r i s e  t o  Nagy, Meinsche in ,  and Hennessy. They t h o u g h t  t h a t  

t h e y  had made an i n t e r e s t i n g  d i s c o v e r y  and t h a t  t h e r e  would b e  l i t t l e  

o p p o s i t  i o n  t o  i t s  accep tance .  

The f i r s t  a n a l y s i s  made by t h e s e  a u t h o r s  invo lved  t h e  e x t r a c t i o n  of 

o r g a n i c  material from t h e  Orguei l  meteorite and t h e  s u b j e c t i o n  of t h i s  material 

t o  mass s p e c t r o g r a p h i c  a n a l y s i s  a s  i s  r e g u l a r l y  used i n  s tudy ing  b i o l o g i c a l  

material i n  s o i l s ,  pe t ro l eum,  and materials of t h i s  kind.  They b e l i e v e d  t h a t  

t h e y  found the  same p a t t e r n  of molecu la r  f r agmen t s  i n  the  m e t e o r i t e  as t h e y  

observed i n  terrestr ia l  f o s s i l  b i o l p g i c a l  material. 

Subsequent t o  t h i s  w r k  C l a u s  and Nagy observed small rounded o b j e c t s  i n  

t h i s  m e t e o r i t e  which t h e y  i n t e r p r e t e d  as f o s s i l  microorganisms which t h e y  

c l a s s i f i e d  i n t o  v a r i o u s  groups.  Some were of q u i t e  s imple s t r u c t u r e  w h i l e  

o t h e r s  were of a v e r y  compl i ca t ed  k ind .  S t a p l i n  who i s  a m i c r o p a l e o n t o l o g i s t  

working on problems of p e t r o l e u m  d e p o s i t s  a l s o  found o b j e c t s  which he i n t e r -  

p r e t e d  as f o s s i l s .  The re  i s  some s i m i l a r i t y  between t h e  two groups of o b j e c t s  

obse rved  by t h e s e  men. Anders ard F i t c h  showed q u i t e  c o n c l u s i v e l y  t h a t  some 

of t h e  observed forms were indeed r e c e n t  c o n t a m i n a n t s ,  namely, p o l l e n  g r a i n s .  

They found t h a t  some of t h e  more compl i ca t ed  s t r u c t u r e s  could be produced by 
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t h e  s t a i n i n g  t e c h n i q u e s ,  which had been u s e d ,  acting upon the. ragweed p o l l e n .  

However, i t  seems c e r t a i n  today  t h a t  t h e  more s i m p l e  forms t h a t  have been 

observed are  indeed ind igenous  t o  the m e t e o r i t e ,  but of c o u r s e  s u c h  s i m p l e  

forms may indeed be a r t i f a c t s  r a t h e r  t h a n  f o s s i l s .  

Working w i t h  t h e  Mighei m e t e o r i t e ,  which is a Type 2 ca rbonaceous  

c h o n d r i t e ,  T imofe jev  a l s o  e x t r a c t e d  what h e  b e l i e v e d  t o  b e  f o s s i l i z e d  o b j e c t s  

of a type  similar t o  a n  a l g a  type of o b j e c t  such as  t h e  d i n o f l a g e l l a t e s .  

F i g u r e s  3 ,  4 ,  5 ,  6 and 7 show r e p r o d u c t i o n s  of v a r i o u s  o b j e c t s  t h a t  have 

been r e p o r t e d  i n  t h e  O r g u e i l  a d  Mighei m e t e o r i t e s .  Many o t h e r  examples have 

been p u b l i s h e d .  Nagy e t  a l .  have e x t r a c t e d  such o b j e c t s  and i n v e s t i g a t e d  

t h e m  w i t h  t h e  a i d  of a n  e l e c t r o n  microprobe and found t h a t  some of t h e s e  o b j e c t s  

are f o s s i l i z e d  w i t h  l i m o n i t e  probably and c o n t a i n  small amounts o f  n i c k e l ,  

w h i l e  o t h e r s  are f o s s i l i z e d  w i t h  s i 1  icates. Using h y d r o c h l o r i c  a r d  h y d r o f l u o r i c  

a c i d s  t h e y  were a b l e  t o  remove these  m i n e r a l  c o n s t i t u e n t s  and show t h a t  t h e r e  

remained a t  least  i n  som cases a body which dou ld  be s e e n  unde r  t h e  microscope 

b u t  which c o n t a i n e d  no e l emen t s  h e a v i e r  thanmagnesium, t h u s  i n d i ' c a t i n g  t h a t  

t h e i r  compos i t ion  w a s  most probably t h a t  of ca rbonaceous  material. T h i s  

i n d i c a t e d  t h a t  ca rbonaceous  material had been f os s i  1 i zed  by m i n e r a l s  much i n  

t h e  way t h a t  i s  obse rved  i n  t h e  c a s e  of t e r res t r ia l  m i c r o f o s s i l s .  Examples of 

t h e i r  p i c t u r e s  are reproduced i n  F i g s .  8 and 9. 

To a chemis t ,  morphological  forms a p p e a r  t o  be a n  u n s a t i s f a c t o r y  way of 

i d e n t i f y i n g  b i o l o g i c a l  remains because so many a r t i f a c t s  of a p p r o x i m a t e l y  t h e  

s i z e  of  microorganisms c a n  be made, both f r o m  o r g a n i c  material and from 

i n o r g a n i c  mater ia l .  Hawever, it does  seem r e a s o n a b l e  t o  b e l i e v e  t h a t  

s p e c i a l i s t s  i n  t h e  f i e l d  of mic ropa leon to logy  such as S t a p l i n  and T imofe jev  

shou ld  be a b l e  t o  r e c o g n i z e  common c o n t a m i n a n t s ,  and it i s  t h i s  a u t h o r ' s  

r e a c t i o n  t o  take t h e  work of r e p u t a b l e  s c i e n t i s t s  i n  o t h e r  f i e l d s  as wor thy  
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. of s e r i o u s  c o n s i d e r a t i o n .  I t  t h e r e f o r e  seems t o  me that we s h o u l d  t a k e  

t k s e  s t u d i e s  a s  n o t  of n e g l i g i b l e  importance i n  c o n n e c t i o n  w i t h  t h i s  problem. 

Organic  Chemical S t u d i e s  

a.  F a t t y  a c i d s .  More r e c e n t l y ,  s t u d i e s  u s i n g  modern methods of o r g a n i c  

geochemistry have r e v e a l e d  some very i n t e r e s t i n g  chemical s u b s t a n c e s  p r e s e n t  

i n  t h e s e  carbonaceous c h o n d r i t e s .  The O r g u e i l  m e t e o r i t e  p a r t i c u l a r l y  has  

been s t u d i e d  i n  t h i s  way. Figure 1 0  shows i n f r a r e d  s p e c t r a  t a k e n  on samples  

of  n a p h t h e n i c  a c i d  and e x t r a c t s  of brown a l g a ,  O r g u e i l  m e t e o r i t e  and Bruder- 

heim m e t e o r i t e ,  and of  t h e  s o l v e n t  b l ank .  The material used f o r  t h e s e  s p e c t r a  

was e x t r a c t e d  from t h e  O r g u e i l  m e t e o r i t e  o r  o t h e r  material by benzene and 

methanol m i x t u r e s  and s a p o n i f i e d  w i t h  p o t a s s i u m  hydrox ide ,  t h e n  e x t r a c t e d  

w i t h  water ,  a c i d i f i e d  w i t h  H C 1 ,  r e - e x t r a c t e d  w i t h  e t h e r ,  d r i e d  i n  n i t r o g e n  

g a s ,  and f i n a l l y  d i s s o l v e d  i n  carbon t e t r a c h l o r i d e  i n  which s o l v e n t  t h e  

a b s o r p t i o n  spec t rum w a s  observed.  It is  e v i d e n t  t h a t  t h e  e x t r a c t  from t h e  

O r g u e i l  m e t e o r i t e  i s  v e r y  similar t o  what i s  observed from brown a l g a  and 

naph then ic  a c i d  and t h a t  t h i s  material is  n o t  p r e s e n t  i n  t h e  Bruderheim 

m e t e o r i t e  n o r  i n  t h e  s o l v e n t , b l a n k .  The s t r o n g  a b s o r p t i o n  peaks are 

c h a r a c t e r i s t i c  of t h e  ca rboxy l  group. The marked s i m i l a r i t y  between t h e s e  

c u r v e s  i s  indeed s t r i k i n g .  The q u e s t i o n  immediately arises as t o  whether  

c o n t a m i n a t i o n  o f  t h e  O r g u e i l  m e t e o r i t e  d i d  n o t  o c c u r  due t o  t h e  g rowth  of 

b i o l o g i c a l  organisms which s u p p i i e d  t h e  material observed i n  t h e  test. Of 

c o u r s e  t h e  O r g u e i l  m e t e o r i t e  would have been b i o l o g i c a l l y  contaminated when 

it f e l l  i n  F rance ,  b u t  a museum s h e l f  does n o t  a p p e a r  t o  be  a p a r t i c u l a r l y  

l i k e l y  p l a c e  f o r  t h e  growth of a l g a e ,  p a r t i c u l a r l y  when t h e  material c o n t a i n s  

s o l i d  magnesium s u l f a t e  which i n  t h e  p r e s e n c e  of a s l i g h t  amount of adso rbed  

m o i s t u r e  would g i v e  a concent  r a t e d  s o l u t i o n  of magnesium s u l f a t e .  However, 

t h i s  p o s s i b i l i t y  o f  con tamina t ion  must be  c o n s i d e r e d .  
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I n  F i g u r e  11 are shown some chromatograms w i t h  a d e t a i l e d  c a p t i o n .  These 

are t h i n  l a y e r  chromatograms on s i l i c a  g e l .  The material was p l a c e d  a t  t h e  

bottom of t h e  p l a t e  and migrated upwards. The v e r t i c a l  columns 1 t o  7 and 

10  and 11 are from t h e  O r g u e i l  extract  used t o  s e c u r e  t h e  i n f r a r e d  spec t rum 

shown i n  F igu re  1 0 ;  8 and 12  are p repa red  by t h e  same procedure  u s i n g  

p e t r o l e u m  naphthenic  a c i d s ,  and s i m i l a r l y  9 and 13 from an a l g a .  P l a t e  a 

was developed w i t h  normal hexane ether (97 /3 ) ,  b w i t h  t h e  same s o l v e n t s  (95 /5 ) ,  

and c w i t h  chloroform-methanol-water  (65/25/4). The a d s o r b e n t  was a s i l i c a  g e l  

l a y e r  and t h e  components were made v i s i b l e  by s p r a y i n g  w i t h  Rhodamine 6G and 

by photography under  u l t r a v i o l e t  l i g h t .  The component A i n  O r g u e i l  is  

- 
- 

- 

s a t u r a t e d  hydrocarbons,  B i s  e l emen ta ry  s u l f u r ,  and C i s  t h e  a c i d i c  compounds. 

T h i s  shows t h e  absence o f  c e r t a i n  key b iochemica l s  i n  Orgue i l  which are always 

p r e s e n t  i n  terrestrial  samples.  Note t h e  two l i g h t  s p o t s  i n  12  and 13  on 

p l a t e  c which are a b s e n t  i n  Orgue i l .  These s p o t s  co r re spond  t o  es ters  and 

s t e r o l s  and t h e y  are p r e s e n t  i n  t h e  a l g a  and n a p h t h e n i c  a c i d  f r a c t i o n s  b u t  

not i n  Orgue i l .  T h i s  s t u d y  i n d i c a t e s  t h a t  t h e  s imple  s u p p o s i t i o n  t h a t  an a l g a  

grew i n  t h e  Orgue i l  rock  on t h e  museum s h e l f  i s  not  correct ,  o r  i f  such  an 

a l g a  d i d  grow, it is a d i f f e r e n t  one from t h o s e  i n v e s t i g a t e d  i n  t h i s  work. 

- 

b. O p t i c a l  a c t i v i t y .  O p t i c a l  a c t i v i t y  of o r g a n i c  compounds has not  been - - 
obse rved  i n  n a t u r e  o r  i n  a r t i f i c i a l  p r e p a r a t i o n s  and is character is t ic  of t h e  

a c t i o n  of b i o l o g i c a l  organisms.  Only the  most c a r e f u l  and i n t r i c a t e  t e c h n i c a l  

p r o c e s s e s  have succeeded i n  s e p a r a t i n g  t h e  two o p t i c a l  isomers  from t h e  

racemic mix tu re .  The p r o b a b i l i t y  t h a t  t h i s  c a n  occur  i n  n a t u r e  i s  e x c e e d i n g l y  

small and n e g l i g i b l e ,  t hough  it i s  c o n c e i v a b l e  t h a t  one o p t i c a l  isomer i n  a 

s a t u r a t e d  s o l u t i o n  c o u l d  be seeded by a c r y s t a l  of t h a t  v a r i e t y  and hence 

would s e p a r a t e  o u t  t o  a s l i g h t  e x t e n t .  The p r o b a b i l i t y  t h a t  t h i s  would o c c u r  

i n  a chance s t o n e  such as  a n e t e o r i t e  i s  ve ry  s l i g h t  and c a n  be n e g l e c t e d .  

Thus o p t i c a l  a c t i v i t y  c a n  be regarded as p o s i t i v e  proof of t h e  p r e s e n c e  of 

b i o l o g i c a l  material .  
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F i g u r e  1 2  s h o w s  t h e  r e su l t s  of measurements made by Nagy and h i s  coworkers  

on t h e  same e x t r a c t s  of  t h e  Orgueil  mater ia l  as  used i n  t h e  t e s t s  f o r  t h e  

p r e s e n c e  of c a r b o x y l i c  a c i d s  shown i n  F i g u r e  10 .  The e x t r a c t i o n  p rocedure  

i s o l a t e d  l i p i d s .  The s o l u t i o n s  a r e  c o l o r e d  and hence o n l y  t e s t s  i n  t h e  

v i s i b l e  r e g i o n  c a n  be made. But t h e s e  tes ts  were c a r r i e d  o u t  i n  t h r e e  d i f f e r -  

e n t  l a b o r a t o r i e s  and by d i f f e r e n t  i n v e s t i g a t o r s .  One n o t e s  t h a t  the  O r g u e i l  

m e t e o r i t e  i s  n o t  s imi l a r  i n  i t s  o p t i c a l  a c t i v i t y  t o  p o l l e n  g r a i n s ,  s o i l ,  or 

museum d u s t  samples t h a t  were t r e a t e d  i n  the same way. A l so ,  t h e  b l a n k s ,  

though t h e y  s ca t t e r  somewhat, seem t o  b e  d e f i n i t e l y  d i f f e r e n t  f r o m  t h e  Orguei l  

m e t e o r i t e .  Colored s o l u t i o n s  i n  some i n s t r u m e n t s  g i v e  a f i c t i t i o u s  r o t a t i n n  

and hence t h e s e  a u t h o r s  used a blank c o n t a i n i n g  s u l f u r  and o r g a n i c  dye t o  

imi t a t e  the c o l o r  and o p a c i t y  of t h e  s o l u t i o n s  being s t u d i e d .  The a b s o r p t i o n  

spec t rum of t h e  O r g u e i l  m e t e o r i t e  e x t r a c t  i n  t h i s  r e g i o n  and of t h e  c o l o r e d  

b l a n k  i s  shown on F i g u r e  13. I n  t h i s  way an a t t empt  w a s  made t o  check on 

t h e  p o s s i b i l i t y  of e r r o r .  

R e c e n t l y ,  Hayatsu h a s  used a somewhat d i f f e r e n t  method of e x t r a c t i o n  and 

s t u d i e d  t h e  o p t i c a l  a c t i v i t y .  H e  claims t o  have secu red  n e g a t i v e  r e s u l t s .  

A t t empt s  by Nagy and h i s  coworkers t o  r ep roduce  H a y a t s u ' s  work have f a i l e d .  

They have n o t  been a b l e  t o  remove s u l f u r  from t h e  s o l u t i o n s  by t h e  methods 

t h a t  Hayatsu d e s c r i b e s ,  and t h e y  have found o p t i c a l  a c t i v i t y  i n  t h e i r  e x t r a c t s  

a t  p o i n t s  where he f i n d s  none. I n t e r e s t i n g l y  enough, t h e y  are a b l e  t o  g e t  

two f r a c t i o n s  which show o p p o s i t e  o p t i c a l  a c t i v i t y .  The e x t r a c t i o n s  w e r e  made 

i n  t h e i r  l a b o r a t o r i e s  a t  t h e  U n i v e r s i t y  of C a l i f o r n i a ,  San Diego, and t h e  

t e s t s  f o r  o p t i c a l  a c t i v i t y  w e r e  made by D r .  W .  D. R o s e n f e l d  a t  t h e  C a l i f o r n i a  

Resea rch  C o r p o r a t i o n ,  La Habra. I t  seems t h a t  comple t e  o b j e c t i v i t y  i n  t h e  

t e s t s  c o u l d  be  expected under these c o n d i t i o n s ,  and though  t h e  e f f e c t s  are 

small t h e y  n e v e r t h e l e s s  appea r  t o  be  d e f i n i t e .  
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T a b l e  3 b r i e f l y  summarizes some of  t h e  resu l t s  and the d i sag reemen t  i n  

t h i s  c a s e .  I t  may be  t h a t  t h e  d i f f e r e n c e  between t h e  two i s  d u e  t o  some 

d i f f e r e n c e  i n  t h e  samples,  i .e.,  it may b e  t h a t  Hayatsu w a s  u s ing  a sample 

which d i d  not  c o n t a i n  b i o l o g i c a l  mater ia l ,  w h i l e  Nagy and h i s  coworkers  

were us ing  samples t h a t  had been con tamina ted  by b i o l o g i c a l  material. I t  is 

t h e  w r i t e r ' s  c o n c l u s i o n  t h a t  o p t i c a l  a c t i v i t y  i s  p r e s e n t  i n  some samples .  

Contaminat ion due t o  t h e  growth of organisms a f t e r  t h e  m e t e o r i t e  a r r i v e d  on 

e a r t h  i s  a p o s s i b l e  e x p l a n a t i o n .  Such organisms cou ld  have l e f t  r e s i d u e s  of 

t h e  compounds s y n t h e s i z e d  by them o r  could have consumed one o p t i c a l  isomer 

from a n  ind igenous  racemic mixture .  T h e r e  i s  some e v i d e n c e  t h a t  t h i s  i s  n o t  

t h e  c a s e  but t h e  s u b j e c t  must be  pursued f u r t h e r  i n  t h e  f u t u r e .  

c. Po rphyr ins .  l-lodgson and B a k e r  have p u b l i s h e d  t h e  r e s u l t s  of a very 

d e t a i l e d  and c a r e f u l  s t u d y  i n  regard t o  t h e  p o s s i b l e  e x i s t e n c e  of po rphyr ins  

-- 

i n  t h e  Orgue i l  m e t e o r i t e .  The po rphyr ins  have as t h e i r  c e n t r a l  chemica l  

s t r u c t u r e  a g roup ing  of f o u r  p y r r o l e  r i n g s  l i n k e d  t o g e t h e r  by f o u r  m e t h i n e  

b r i d g e s  ( - C H - > ,  forming a p l a n e  s t r u c t u r e .  The d o u b l e  bonds are such  t h a t  

long r i n g s  of c o n j u g a t e d  d o u b l e  bonds are p o s s i b l e  and s e v e r a l  r e s o n a t i n g  

s t r u c t u r e s  e x i s t  t h u s  c o n t r i b u t i n g  t o  t h e  s t a b i l i t y  o f  t h e  molecu le .  The re  

are  many p o i n t s  f o r  a&skd& of s i d e  c h a i n s  on t h i s  c e n t r a l  ring s t r u c t u r e ,  

I 
su  s t i  u i o n  

and a d i v a l e n t  i o n  o r  r a d i c a l  occup ies  a p o s i t i o n  i n  t h e  c e n t e r ,  f o r  example,  

Mg++, Fe++,  VO++,  e t c .  Hemin which g i v e s  the  red c o l o r  t o  blood is a 

p o r p h y r i n  and o t h e r  biochemical  compounds h a v e  t h i s  fundamental  r i n g  i n  t h e i r  

s t r u c t u r e .  On t h e  o t h e r  hand, c h l o r i n  i s  a name g i v e n  t o  a group of compounds 

w h i c h  d i f f e r  from t h e  p o r p h y r i n  only i n  h a v i n g  one of t h e  double  bonds on one 

p y r o l l e  r i n g  hydrogenated w i t h  t h e  a d d i t i o n  of two hydrogen atoms. Ch lo rophy l l  

has  t h i s  c e n t r a l  c h l o r i n  r i n g  w i t h  c h a r a c t e r i s t i c  s i d e  c h a i n s .  The c e n t r a l  

i o n  i n  c h l o r o p h y l l  i s  magnesium. tZrznkah Chlo rophy l l  has a v e r y  c h a r a c t e r i s t i c  
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s i d e  c h a i n ,  namely, one long a l c o h o l  group c a l l e d  phy to l  w i t h  20 ca rbon  

atoms a t t a c h e d  t o  a c a r b o x y l i c  group. 

S t u d i e s  on t h e  d i s t r i b u t i o n  of p o r p h y r i n s  and c h l o r i n s  i n  r e c e n t  ter- 

r e s t r i a l  d e p o s i t s  show t h a t  c h l o r i n s  o b v i o u s l y  o b t a i n e d  from c h l o r o p h y l l  

mos t ly  c o n t a i n i n g  magnesium a r e  prominent c o n s t i t u e n t s .  A s  t h e  s ed imen t s  

become o l d e r ,  vanadyl  and n i c k e l  po rphyr ins  a p p e a r ,  i n d i c a t i n g  t h a t  t h e  

c h l o r i n s  are o x i d i z e d  by t h e  removal of two hydrogens and t h e  magnesium 

(Mg++) i s  r e p l a c e d  by vanadyl  ( V O + + )  and n i c k e l  ( N i + + ) .  The a n c i e n t  s ed imen t s  

and petroleum d e p o s i t s  c o n t a i n  only t h e s e  p o r p h y r i n s  and b o t h  t h e  vanady l  and 

n i c k e l  are prominent i n  t h e s e  compounds. 

The po rphyr ins  have a b s o r p t i o n  bands i n  t h e  neighborhood of 4000 angstroms.  

These are r e f e r r e d  t o  as the S o r e t  bands .  They a l s o  have much w e a k  r 

a b s o r p t i o n  bands a t  l o n g e r  wavelengths  as do t h e  c h l o r i n s .  The p o r p h y r i n s  

are  s o l u b l e  i n  c e r t a i n  o r g a n i c  s o l v e n t s  and t h e y  c a n  be  s e p a r a t e d  from t h e  

hydrocarbons by s o l u t i o n  t e c j m i q u e s .  The e x a c t  d e t a i l s  o f  t h e s e  p r o c e s s e s  

are a v a i l a b l e  i n  t h e  l i t e r a t u r e  of t h i s  s u b j e c t  and need not be r e p e a t e d  he re .  

Hodgson and Baker s t u d i e d  a number of samples of  t h e  O r g u e i l  m e t e o r i t e  

and two o r d i n a r y  m e t e o r i t e s ,  Bruderheim and Peace R i v e r .  Two Orgue i l  samples ,  

one of 9 grams and a n o t h e r  of 7 grams,  w e r e  used e s p e c i a l l y  f o r  t h i s  s t u d y ,  

wh i l e  two o t h e r  samples c o n s i s t i n g  of s o l u t i o n s  which had been s u b j e c t e d  t o  

s a p o n i f i c a t i o n  p r o c e d u r e s  were a l s o  i n v e s t i g a t e d  f o r  p o r p h y r i n s .  B r i e f l y ,  

i t  w a s  found t h a t  t h e  o r d i n a r y  c h o n d r i t e s ,  Bruderheim and Peace R i v e r ,  showed 

no a b s o r p t i o n  bands i n  t h e  r eg ion  e x p e c t e d  f o r  p o r p h y r i n s ,  t h a t  t h e  9 gram 

and 7 gram O r g u e i l  samples showed a band a t  412 microns which Hodgson and 

Baker i n t e r p r e t  as due t o  vanadyl p o r p h y r i n ,  w h i l e  t h e  two samples which had 

been t r e a t e d  by s a p o n i f i c a t i o n  t e c h n i q u e s  showed no  vanadyl  p o r p h y r i n  a t  a l l .  

B u t  it w a s  s u b s e q u e n t l y  shown t h a t  t h e  Pos idon ia  s h a l e  from Germany, which is 
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known t o  c o n t a i n  vanadyl  po rphyr in ,  when t r e a t e d  by s imi la r  s a p o n i f i c a t i o n  

p r o c e s s e s  a l s o  was d e p l e t e d  i n  i t s  vanadyl  p o r p h y r i n ,  t hus  c o n f i r m i n g  t h e  

o b s e r v a t i o n  t h a t  samples t r e a t e d  by t h e  s a p o n i f i c a t i o n  t e c h n i q u e  p r e v i o u s  

t o  e x t r a c t i o n  w i t h  t h e  organic  s o l v e n t s  were d e p l e t e d  i n  vanadyl  po rphyr in .  

I t  w a s  the c o n c l u s i o n  of Hodgson and Baker that  “the O r g u e i l  carbonaceous 

c h o n d r i t e  e x h i b i t s  many of t h e  o r g a n i c  components of a n c i e n t  t e r r e s t r i a l  r o c k s ,  

and a d e t a i l e d  c o n s i d e r a t i o n  of t h e  environment  o f  t h e  O r g u e i l  m e t e o r i t e  

p a r e n t  body by Nagy e t  a l .  l e d  t o  t h e  i n d i c a t i o n  t h a t  t h e  environment w a s  a 

low t e m p e r a t u r e  aqueous system with a l k a l i n e  pH and s l i g h t l y  reducing redox 

p o t e n t i a l .  I t  i s  t h e r e f o r e  not s u r p r i s i n g  t o  f i n d  what p r e s e n t l y  appea r  t o  

be  ind igenous  p o r p h y r i n  pigments i n  t h e  Orguei  

p o s s i b i l i t y  of b i o g e n i c  a g e n c i e s  i n  t h e  o r i g i n  

m e t e o r i t e . ”  They found no  ev idence  f o r  n i c k e l  

appea rance  i n  o l d  sed imen t s  of t h e  e a r t h  is su 

s t o n e s  s u g g e s t i n g  a s t r o n g  

of t h e  o r g a n i c  matter o f  t h e  

p o r p h y r i n  which i n  view o f  i t s  

p r i s i n g .  T a b l e  4 summarizes 

t h e  f e a t u r e s  i n  t h e  Orgue i l  e x t r a c t s  which l e a d  t o  t h e  i d e n t i f i c a t i o n  of 

vanadyl  p o r p h y r i n ,  and F i g u r e  14 shows t h e  a b s o r p t i o n  c u r v e s  which t h e y  

o b t a i n e d .  The didymium peak i s  f o r  c a l i b r a t i o n  pu rposes  only.  It w i l l  b e  

n o t e d  t h a t  t h e  s h a l e  and t h e  O r g u e i l  m e t e o r i t e  g i v e  c u r v e s  which are v e r y  

similar.  

d .  Nuc le i c  a c i d  bases .  C a l v i n  r e p o r t e d  a c y t o s i n e - l i k e  f e a t u r e  i n  h i s  in -  

v e s t i g a t i o n  of t he  Orgue i l  m e t e o r i t e .  Oro h a s  sugges t ed  t h a t  t h i s  may b e  an 

-- - 

i m p u r i t y ,  and as  of t h e  p r e s e n t  t h i s  disagreement  h a s  n o t  been s a t i s f a c t o r i l y  

s o l v e d .  Hayatsu r e p o r t e d  t h e  p re sence  of aden ine  and guanine and p o s s i b l y  a 

u r a c i l  t y p e  of compound. It should be noted t h a t  c y t o s i n e  and u r a c i l  are 

t h e  py r imid ine  b a s e s  w h i l e  adenine and guanine are t h e  p u r i n e  b a s e s  of 

r i b o n u c l e i c  a c i d .  Hayatsu a l s o  r e p o r t e d  o t h e r  compounds t h a t  a p p a r e n t l y  have 

no  b i o l o g i c a l  s i g n i f i c a n c e  and a rgues  t h a t  f o r  t h i s  r e a s o n  t h e s e  b a s e s  are 



-14- 

* a b i o t i c  i n  o r i g i n .  It  should be rioted on t h e  o t h e r  hand t h a t  many terres-  

t r i a l  d e p o s i t s  of o rgan ic  m a t e r i a l  c o n f i d e n t l y  b e l i e v e d  t o  be of b i o l o g i c a l  

o r i g i n  a l s o  c o n t a i n  compounds t h a t  have no known b i o l o g i c a l  s i g n i f i c a n c e .  

Hence t h e  p re sence  of such  compounds does  n o t  d i s p r o v e  t h e  b i o l o g i c a l  o r i g i n  

of o t h e r  compounds. 

e.  Amino a c i d s .  Amino ac ids  have been r e p o r t e d  from t k  ca rbonaceous  m e t e -  -- 
o r i t e s  by Degens, Kaplan, Hamilton, and o t h e r s .  It a p p e a r s  c e r t a i n  t h a t  some 

of t h e s e  are c o n t a m i n a t i o n s  e i t h e r  by p resen t -day  organisms growing i n  t h e  

s o l u t i o n s  being i n v e s t i g a t e d  o r  from human hands o r  t h i n g s  of  t h i s  s o r t .  The 

amount of t h e  amino a c i d s  i s  very small and a t  p r e s e n t  it is n o t  p o s s i b l e  t o  

a r g u e  f o r  a n  ind igenous  o r i g i n  f o r  t h e s e  compounds, b u t  it i s  a l s o  not p o s s i b l e  

t o  e x c l u d e  t h a t  t h e y  a t  least  p a r t l y  have a n  ind igenous  o r i g i n .  It should b e  

no ted  t h a t  amino a c i d s  decompose i n  t e r r e s t r i a l  s e d i m e n t s  more r a p i d l y  t h a n  TY 
t h e  hydrocarbons,  p o r p h y r i n s ,  f a t t y  a c i d s ,  and o t h e r  b i o l o g i c a l  compounds of 

t h i s  k ind .  

n u c l e a r  
f .  F ree  r a d i c a l s .  Duchesne, Depireux, and L i t t ,  u s i n g  magnet ic  r e sonance  

t e c h n i q u e s ,  have i n v e s t i g a t e d  t h e  ca rbonaceous  material of t h e  Mighei and 

Nagoya ( b o t h  Type 2 )  and r e p o r t  c o n c e n t r a t i o n s  of f r e e  r a d i c a l s  up t o  10  

A - 

1 7  

per  gram of ca rbon .  They conclude t h a t  s u c h  q u a n t i t i e s  are c h a r a c t e r i s t i c  of 

b i o g e n i c  material .  However, it is  d i f f i c u l t  t o  f e e l  c e r t a i n  t h a t  non-biogenic  

ca rbonaceous  material s u b j e c t e d  t o  t h e  r a d i a t i o n s  t o  which t h e s e  m e t e o r i t e s  

were exposed would n o t  i m i t a t e  t h e  f r e e  r a d i c a l  c o n c e n t r a t i o n s  observed i n  

t e r res t r ia l  f os s i1  carbonaceous material .  

6.  Hydrocarbons.  D r .  O r 0  i n  h i s  t a l k  h a s  r e f e r r e d  t o  h i s  very n i c e  work on 

i d e n t i f y i n g  hydrocarbons i n  a very c o n s i d e r a b l e  number of  carbonaceous 

c h o n d r i t i c  nuz teo r i t e s ,  and p a r t i c u l a r l y  t h e  p robab le  p re sence  of p r i s t a n e  and 

p h y t a n e ,  two hydrocarbons g e n e r a l l y  b e l i e v e d  t o  be d e g r a d a t i o n  p r o d u c t s  of 
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. t h e  p h y t a k  s i d e  c h a i n  of c h l o r o p h y l l .  I on ly  wish h e r e  t o  p o i n t  o u t  that 

h i s  r e s u l t s  and t h o s e  p r e s e n t e d  i n  t h i s  review are c o n s i s t e n t  w i t h  e a c h  o t h e r .  

I f  t h e s e  mater ia ls  were of t e r r e s t r i a l  o r i g i n ,  t h e  s u g g e s t i o n  would b e  made 

f i r m l y  t h a t  t h e  materials w e r e  of b i o l o g i c a l  o r i g i n  and ind igenous  t o  t h e  

samples. T h i s  by a l l  odds would be t h e  most s imple and  d i r e c t  i n t e r p r e t a t i o n  

of t h e  r e s u l t s .  A c o n t r a r y  e x p l a n a t i o n  would be t h a t  some organism c o n t a i n i n g  

c h l o r o p h y l l  invaded t h e s e  m e t e o r i t e s  which have f a l l e n  a l l  o v e r  t h e  e a r t h  

d u r i n g  more t h a n  a c e n t u r y  i n  time, and which have been s t o r e d  on d r y  museum 

s h e l v e s .  These organisms c o n t a i n i n g  c h l o r o p h y l l  grew v i g o r o u s l y  f o r  a s h o r t  

pe r iod  of t i m e  and produced a record t h a t  i n  many ways d u p l i c a t e s  what w e  f i n d  

i n  v e r y  o ld  sed imen t s  of t h e  e a r t h ;  a t  t h e  same t i m e  t h e y  a p p e a r  t o  l a c k  

impor t an t  compounds such as t h a t  found i n  more recent  s o i l s  and sed imen t s  of 

t h e  e a r t h .  The fo rmer  a l t e r n a t i v e  would be g e n e r a l l y  accep ted  i f  t h e s e  o b j e c t s  

were of t e r r e s t r i a l  o r i g i n ,  and in  f a c t  t h e  second i s  so s u r p r i s i n g  a s  t o  be 

a lmos t  an u n b e l i e v a b l e  e x p l a n a t i o n .  

Conc lus ions  

Many l i n e s  of ev idence ,  as b r i e f l y  reviewed above,  s t r o n g l y  s u g g e s t  t h a t  

b i o g e n i c  material e x i s t s  i n  t h e s e  

t h i s  mater ia l  w e r e  of t e r res t r ia l  o r i g i n  no  q u e s t i o n  would be r a i s e d  i n  r e g a r d  

t o  such a c o n c l u s i o n .  Of  c o u r s e  w e  know t h a t  l i fe  has  evolved on e a r t h ,  and 

hence t h e  p r imary  q u e s t i o n  and by a l l  odds t h e  most impor t an t  q u e s t i o n  i s  

d e c i d e d  f o r  a l l  samples of t e r r e s t r i a l  o r i g i n .  C e r t a i n l y  s u f f i c i e n t  e v i d e n c e  

h a s  been found t o  j u s t i f y  v e r y  s e r i o u s  f u r t h e r  work on t h e s e  o b j e c t s ,  and I 

a m  s u r e  t h a t  t h i s  w i l l  be done by s e v e r a l  groups i n  t h e  f u t u r e .  

P o s s i b l e  O r i g i n s  of Foss i l -Bea r ing  M e t e o r i t e s  

Nagy, Meinschein,  and Hennessy’ s p a p e r  i n  1961 a roused  g r e a t  o p p o s i t i o n  

on t h e  p a r t  of s t u d e n t s  of m e t e o r i t e s  because  of t h e  chemical  compos i t ion  of 

t h e s e  o b j e c t s .  Those of u s  who have been working on m e t e o r i t e s  f o r  Some y e a r s  
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were c e r t a i n  t h a t  t h e r e  could not be t h e  r e s i d u e  of l i v i n g  t h i n g s  i n  t h e s e  

o b j e c t s .  Had t h e  m e t e o r i t e s  had t h e  compos i t ion  of sedimentary r o c k s  on 

t h e  e a r t h ,  no g r e a t  s u r p r i s e  would have been e x p r e s s e d .  I t  would have been 

assumed t h a t  they came f rom some p l a n e t ,  p robab ly  i n  t h e  a s t e r o i d a l  b e l t ,  

which had e x i s t e d  a t  some time i n  t h e  p a s t  and had been broken up by some 

p r o c e s s .  The f a c t  t h a t  t h e  carbonaceous c h o n d r i t e s  have a chemica l  

compos i t ion  w i t h  r e s p e c t  t o  t h e  u s u a l  n o n - v o l a t i l e  f r a c t i o n  of p r imary  

mat ter ,  namely, t h e  s i l i c a t e s  and r e l a t e d  compounds, which i s  approx ima te ly  

t h a t  of t h e  sun ,  made it exceed ing ly  d i f f i c u l t  t o  unde r s t and  how b i o l o g i c a l  

mater ia l  could have o r i g i n a t e d  i n  t h e s e  o b j e c t s .  

We are q u e s t i o n i n g  whether  t h e  carbonaceous c h o n d r i t e s  have 1 i f e  very 

c l o s e l y  r e l a t e d  t o  t e r r e s t r i a l  l i f e ,  and such l i f e  as w e  know i t  e x i s t s  on ly  

i n  water.  A l so ,  t h e  chemical  e x p e r i m e n t a t i o n  r e q u i r e d  t o  e v o l v e  t h e  compl i ca t ed  

and i n t r i c a t e  p r o c e s s e s  of l i v i n g  t h i n g s  r e q u i r e s  a s o u r c e  of f r e e  ene rgy ,  

f o r  on ly  such  f r e e  energy makes t h i s  chemical  e x p e r i m e n t a t i o n  p o s s i b l e .  Hence 

t h e  s u r f a c e  of a p l a n e t  large enough t o  r e t a i n  water a t  a t e m p e r a t u r e  such t h a t  

l i q u i d  water would e x i s t  on i t s  s u r f a c e ,  and t h e  p r e s e n c e  of s o l a r  r a d i a t i o n ,  

p r o v i d e  t h e  only p o s s i b l e  c o n d i t i o n s  f o r  t h e  e v o l u t i o n  of l i f e .  I f  t h i s  

p l a n e t a r y  o b j e c t  w a s  p a r t i a l l y  covered w i t h  water, t h e n  oceans ,  r i v e r s ,  and 

a l l  t h e  e r o s i o n a l  p r o c e s s e s  o f  a p l a n e t  such as t h e  e a r t h  would b e  p r e s e n t .  

Sed imen ta ry  rocks  shou ld  have been formed and such sed imen ta ry  material s h o u l d  

be a r r i v i n g  a t  t h e  e a r t h  as m e t e o r i t e s .  T h i s  i s  d e f i n i t e l y  n o t  t h e  case. N o  

obse rved  c a s e  of a sed imen ta ry  m e t e o r i t e  has e v e r  been e s t a b l i s h e d .  I t  shou ld  

be noted t h a t  a l l  t h e  carbonaceous c h o n d r i t e s  are observed f a l l s .  I f  t h e s e  

c a n  be  observed t o  f a l l ,  t hen  any p o s s i b l e  sedin-entary m e t e o r i t e s  could a l s o  

have been observed.  
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The  o t h e r  p o s s i b i l i t y  i s  t h a t  t h e  p l a n e t  was comple t e ly  covered w i t h  

water .  I n  t h i s  c a s e  n o  sedimentary rocks would b e  expec ted ,  b u t  a l s o  t h e  

b i o l o g i c a l  remains would be d e p o s i t e d  o n l y  i n  t h i n  l a y e r s  a t  t h e  bottoms 

of t h e  oceans.  I n  t h i s  c a s e  t h e  p r o b a b i l i t y  of s e c u r i n g  a sample of t h i s  

material  would be ve ry  small and a s  no ted  above t h e  carbonaceous c h o n d r i t e s  

make up approx ima te ly  t h r e e  p e r  c e n t  of t h e  t o t a l  observed f a l l s .  Hence 

t h i s  assumption i s  imposs ib l e .  

There i s  l e f t  only t h e  p o s s i b i l i t y  t h a t  l i f e  evo lved  on one p l a n e t a r y  

o b j e c t  and t h a t  it was t r a n s f e r r e d  t o  a n o t h e r  p l a n e t a r y  o b j e c t  of  p r i m i t i v e  

compos i t ion .  Of c o u r s e  t h e  example of  t h i s  i n  t h e  s o l a r  system t h a t  i m -  

m e d i a t e l y  comes t o  mind i s  t h e  e a r t h ,  where w e  know l i f e  has  evo lved ,  and 

t h e  nearby moon which may have a compos i t ion  c o n s i s t e n t  w i t h  the carbonaceous 

c h o n d r i t e s  f o r  a l l  w e  know. I t  i s  a n  o l d  s u g g e s t i o n  t h a t  t h e  m e t e o r i t e s  have 

been coming from t h e  moon, b u t  t h e  r e c e n t  e v i d e n c e ,  t hough  n o t  c o n c l u s i v e ,  i s  

s u g g e s t i v e  a t  l eas t .  

I f  t h e  moon escaped  from t h e  e a r t h  it is  n o t  u n r e a s o n a b l e  a t  a l l  t o  

b e l  i e v e  t h a t  it could have been  contaminated w i t h  t e r r e s t r i a l  water t e m p o r a r i l y .  

I f  t h e  moon w a s  c a p t u r e d  by t h e  e a r t h ,  t h e  p r o c e s s  may have been a v e r y  

compl i ca t ed  and v i o l e n t  one,  because s u c h  a c a p t u r e  h y p o t h e s i s  a lmos t  s u r e l y  

i m p l i e s  t h a t  many moon-like o b j e c t s  w e r e  about  and t h a t  t h e y  and f r agmen t s  of 

them w e r e  accumulated i n t o  t h e  e a r t h ,  a h y p o t h e s i s  t h a t  w a s  p u t  forward by 

Urey some time ago. I f  indeed t h e  s u r f a c e  of t h e  moon c a r r i e s  a r e s i d u e  o f  

t h e  a n c i e n t  Oceans of t h e  e a r t h  a t  about t h e  t i m e  t h a t  l i f e  w a s  e v o l v i n g ,  

i t  means t h a t  t h e  Apo l lo  Program should b r i n g  back t o  u s  f a s c i n a t i n g  samples  

which w i l l  t e a c h  us much i n  regard t o  t h e  e a r l y  h i s t o r y  of t h e  s o l a r  sys t em,  

and i n  p a r t i c u l a r  i n  r ega rd  t o  t h e  o r i g i n  of l i f e .  
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Some people  are e x c e e d i n g l y  s k e p t i c a l  i n  r ega rd  t o  t h e  i n t e r p r e t a t i o n  

of  l i f e  i n  t h e s e  o b j e c t s  and probably t h e  g r e a t  importance of t h e  s u b j e c t  

j u s t i f i e s  s k e p t i c i s m .  On the  o t h e r  hand, w e  i n  my own c o u n t r y  and I b e l i e v e  

it i s  a l s o  t r u e  of t h e  U.S .S .R. ,  are making e x t e n s i v e  p l a n s  t o  e x p l o r e  t h e  

s o l a r  system, and one o f  t h e  most f a s c i n a t i n g  r e s u l t s  of a l l  t h i s  e x p l o r a t i o n  

would be t h e  proof  t h a t  l i f e  may e x i s t  somewhere else t h a n  on e a r t h .  I t  

seems t h a t  w e  s h o u l d  be w i l l i n g  t o  c o n s i d e r  t h e  e v i d e n c e  f o r  a r e s i d u e  of 

l i f e  i n  m e t e o r i t e s  o b j e c t i v e l y ,  and t h a t  w e  should n o t  draw f i n a l  n e g a t i v e  

c o n c l u s i o n s  b e f o r e  a l l  t h e  ev idence  has  been secu red .  Moreover, some 

t o l e r a n c e  f o r  t h o s e  of u s  who hope t h a t  t h e  r e s i d u e  of l i f e  e x i s t s  i n  t h e s e  

o b j e c t s  would be c o n s i s t e n t  w i t h  g r e a t  e n t h u s i a s m  f o r  e x p l o r i n g  space .  
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1: lSUXE CAPTIONS 

1. P e t r o g r a p h i c  t h i n - s e c t i o n  o f  t h e  Orgue i l  m e t e o r i t e .  P e t r o g r a p h i c  

t h i n - s e c t i o n s  a r e  prepared by t h e  c a r e f u l  g r i n d i n g  of a m e t e o r i t e  

f ragment  cemented t o  a g l a s s  microscope s l i d e  w i t h  a s u i t a b l e  p l a s t i c .  

T h i s  photomicrograph shows t h e  fragmental  ( b r e c c i a t e d )  t e x t u r e  of 

O r g u e i l  ( n o t e  g r a n u l e  a t  upper l e f t  c o r n e r )  and a magnesium s u l f a t e  

ve in  ( i n  v e r t i c a l  p o s i t i o n ,  j u s t  t o  t h e  l e f t  of  c e n t e r ) .  Such 

t e x t u r a l  f e a t u r e s  a r e  n o t  p r e s e n t  i n  u n a l t e r e d  igneous  rocks .  Tne 

m i n e r a l  m a t r i x ,  w i t h  t h e  e x c e p t i o n  of opaque g r a n u l e s  and t h e  magnesium 

s u l f a t e  v e i n ,  c o n s i s t s  of c l a y s .  The h o r i z o n t a l  d i s t a n c e  between t h e  

two edges  of  t h i s  photomicrograph i s  0.7 mm. 

2.  Another  p e t r o g r a p h i c  t h i n - s e c t i o n  of O r g u e i l .  T h i s  one shows p r e f e r r e d  

o r i e n t a t i o n  of the opaque l a t h - l i k e  m i n e r a l s .  Th i s  t e x t u r a l  p a t t e r n  i s  

p robab ly  t h e  r e s u l t  of p l a s t i c  f low of  t h e  c l a y  m a t r i x  ( n o t  t h e  r e s u l t  

of t h e  g r i n d i n g  of t h e  t h i n - s e c t i o n s )  on t h e  p a r e n t  body. Such 

l o c a l i z e d  f l o w  s t r u c t u r e s  are  c h a r a c t e r i s t i c  of p y r o c l a s t i c  s ed imen t s  

( s u c h  as v o l c a n i c  t u f f s ) .  P y r o c l a s t i c  s e d i m e n t s  are t h e  agglomerated 

d e b r i s  of broken up igneous rock b o d i e s .  

3. Acid i n s o l u b l e  r e s i d u e s  of o rgan ized  e l e m e n t s  from O r g u e i l .  ( A f t e r  

S t a p l i n )  (HF w a s  used t o  remove s i l i c a t e s  and t h i s  w a s  fol lowed by 

t r e a t m e n t  w i t h  a m i x t u r e  of conc. H N 0 3  and K C 1 0 3 ) .  

4. Acid i n s o l u b l e  resides of o r g a n i z e d  elements from t h e  Mighei m e t e o r i t e .  

( A f t e r  Timofejev)  The m i n e r a l  matter was removed w i t h  conc. HNO and 3 

po tas s ium permanganate s o l u t i o n s .  The  o r g a n i c  r e s i d u e s  were con- 

c e n t r a t e d  by d e n s i t y  s e p a r a t i o n  d u r i n g  c e n t r i f u g a t i o n .  



F I G U R E  CAPTIONS ( C o n t ' d .  1 . ------ 
5 .  P e t r o g r a p h i c  t h i n - s e c t i o n  of O r g u e i l  showing a n  o rgan ized  element 

embedded i n  t h e  mineral  m a t r i x .  

6 .  Photomicrographs of an o rgan ized  e l emen t  from O r g u e i l  ( t r e a t e d  w i t h  t C 1  

and dyed w i t h  f u c h s i n ) ,  shown l e f t ,  and of t h e  o r g a n i c  s h e l l  of t h e  

f o s s i l  marine a l g a  X a n t h i d i a  from T e r t i a r y  rocks  in A u s t r a l i a ,  shown 

r i g h t .  

I t  i s  reproduced from a paper  by W.A.S. S a r j e a n t  of Nottingham U n i v e r s i t y .  

The v i s i b l e  u l t r a m i c r o s p e c t r u m  of t h e  Orgue i l  o rgan ized  e l e m e n t ,  measured 

a t  t h e  K a r o l i n s k a  I n s t i t u t e  l a s t  September,  w a s  wholly d i f f e r e n t  from 

i d e n t i c a l l y  t r e a t e d  recent b i o l o g i c a l  ma t t e r ,  s u c h  as ragweed p o l l e n .  

The a l g a  w a s  s t a i n e d  w i t h  s a f r a n i n  and it i s  3 5 - 4 0 ~  i n  d i a m e t e r .  

7 .  Organized e l e m e n t s  ( u n t r e a t e d )  i n  a powdered p r e p a r a t i o n  of Orgue i l .  

8 .  O r  gue il o rgan ized  e lerrre n t  s ( pho t  omic rog r ap h s and t h e  c o rre s p  ond i n  g 

d r a w i n g s ) ,  ana lyzed  by the  e l e c t r o n  microprobe. 1-6 and 9 c o n t a i n e d  

o n l y  Fe w i t h  t r a c e s  of C1 and/or N i .  7 and 8 w e r e  iron-magnesium 

s i l i c a t e s .  Th i s  p a r t i c u l a r  microprobe c o u l d  n o t  d e t e c t  e l e m e n t s  below 

Mg i n  t h e  p e r i o d i c  t a b l e .  

9. The l a c k  of t h e  b a c k - s c a t t e r e d  e l e c t r o n  image of t h e  e l e c t r o n  microprobe,  

shown on t h e  r i g h t ,  of a n  o rgan ized ,  e lement  from O r g u e i l  which was f r e e d  

from mine ra l  matter by b o i l i n g  it i n  6N H C 1  f o r  one hour .  Photo- 

micrograph of t h e  p a r t i c l e  i s  shown on t h e  l e f t  and a drawing of i t  i n  

t h e  c e n t e r .  The l a c k  of the b a c k - s c a t t e r e d  e l e c t r o n  image of t h i s  acid 

i n s o l u b l e  r e s i d u e  p o i n t s  o u t  t h a t  e l emen t s  h e a v i e r  t h a n  N a  were a b s e n t ,  

and it s u g g e s t s  t h a t  t k  r e s i d u e  i s  composed o f  o r g a n i c  matter. 
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. FIGURE CAPTIONS ( C o n t ' d . )  

10. I n f r a r e d  s p e c t r a  of s o l v e n t  s o l u b l e ,  s a p o n i f i a b l e  o r g a n i c  matter 

e x t r a c t e d  from O r g u e i l  and  f rom c o n t r o l s .  Note t h a t  t h e  p rocedure  

b l ank  shows t h a t  no con tamina t ion  o c c u r r e d  i n  t h e  l a b o r a t o r y .  The 

peaks a t  5.85 and 10.7 p and t h e  smaller a b s o r p t i o n  peaks  a t  3.3 and 

3.7 )1 are c h a r a c t e r i s t i c  of c a r b o x y l i c  a c i d s  ( s u c h  as f a t t y  and  

a romat i c  a c i d s ) .  A l l  samples shown on t h i s  s l i d e  were e x t r a c t e d  f o r  

- 

s i x  hour s  i n  benzene-methanol,  s a p o n i f i e d  w i t h  KOH, e x t r a c t e d  w i t h  

2 water, a c i d i f i e d  w i t h  HC1,  r e - e x t r a c t e d  w i t h  ether, d r i e d  under  N 

,and d i s s o l v e d  i n  CC1&. 

11. Thin l a y e r  chromatograms of t h e  Orgue i l  e x t r a c t ,  t h e  i n f r a r e d  s p e c t r a  

of which were shown i n  the p r e v i o u s  s l i d e .  The v e r t i c a l  columns ( i .e . ,  

a p p l i c a t i o n s )  1-7 and 1 0 , l l  are f r o m  t h e  same Orgue i l  e x t r a c t ,  8 and 

12 are i d e n t i c a l l y  prepared  e x t r a c t s  from pe t ro l eum naph then ic  a c i d s ,  

and 9 and 1 3  from an  a l g a .  P l a t e  a w a s  developed w i t h  n-hexane-ether  

(97:3 ,  v/v) ,  b w i t h  t h e  same s o l v e n t s  (95:5,  v /v) ,  and p l a t e  c w i t h  

chloroform-methanol-water  (65:25:4 ,  v/v/v). The adso rben t  w a s  a s i l i c a  

g e l  l a y e r  and t h e  components were made v i s i b l e  by s p r a y i n g  w i t h  Rhoda- 

mine 6G and by photography unde r  u l t r a v i o l e t  l i g h t .  

i n  Orgue i l  i s  s a t u r a t e d  hydrocarbons,  B is  e l emen ta ry  s u l f u r ,  and C 

i s  t h e  a c i d i c  compounds. Th i s  s l i d e  i s  impor tan t  because  it shows the  

absence  of c e r t a i n  key b iochemica l s  i n  Orgue i l ,  which  are always p r e s e n t  

i n  terrestrial  samples.  Note t h e  two l i g h t  s p o t s  ( i n  12 and 131, below 

the m i d d l e  of p l a t e  c which are a b s e n t  i n  O r g u e i l .  These s p o t s  

co r re spond  t o  esters and s t e r o l s  and t h e y  a r e  p r e s e n t  i n  t h e  a l g a  and 

naph then ic  a c i d  f r a c t i o n s  (12  anl 1 3 )  bu t  not  i n  Orgue i l  ( 1 0 , l l ) .  

- - 
- - 

The component A 

- 
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. FIGURE CAPTIONS ( C o n t ' d . )  - -- 

1 2 .  O p t i c a l  a c t i v i t y  of t h e  same Orgue i l  e x t r a c t  which was shown on t h e  

two p r e v i o u s  s l i d e s .  Two o t h e r  O r g u e i l  e x t r a c t s ,  p repa red  i d e n t i c a l l y  

b u t  from two o t h e r  s t o n e s ,  are a l s o  i n c l u d e d .  The measurements were 

made a t  th ree  d i f f e r e n t  l a b o r a t o r i e s  by t h r e e  independent  i n v e s t i g a t o r s .  

iiange of i n s t r u m e n t a l  e r r o r  is shown by v e r t i c a l  l i n e s .  is t h e  
observed r o t a t i o n s .  The s p e c i f i c  r o t a t i o n  i s  approx ima te ly  l o .  

13. The v i s i b l e  spectra of t h e  o p t i c a l l y  a c t i v e  O r g u e i l  e x t r a c t  and of a 

b l ank  c o n t a i n i n g  b o t h  c o l l o i d a l  s u l f u r  and a s y n t h e t i c  dye.  The 

s t r o n g e s t  o p t i c a l  a c t i v i t y  i n  Orgue i l  was measured a t  t h e  wave leng th  

where t h e  arrow i s  l o c a t e d .  The b l ank ,  which h a s  t h e  same abso rbance  

a t  t h i s  wavelength,  showed no o p t i c a l  a c t i v i t y .  

14. S p e c t r a  of a chromatographic f r a c t i o n  of Orguei l  showing a b s o r p t i o n  

bands charac te r i s t ic  of vanadyl po rphyr ins .  Note t h a t  t h e  O r g u e i l  band 

i n t e n s i t y  is approx ima te ly  t h e  same as t h a t  of t h e  P o s i d o n i a  s h a l e  from 

Germany, which i s  a c l a s s i c a l  s o u r c e  of a n c i e n t  po rphyr ins .  Didymium 

i s  a wavelength c a l i b r a t i o n  s t a n d a r d .  
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TA3LE CAF'I'IONS - 

1. Elementary composi t ions (atomic p e r c e n t a g e s  with S ,  C ,  and H 0 exc luded)  2 

of two carbonaceous m e t e o r i t e s  and t h e  a v e r a g e  composi t ion of the 11-group 

c h o n d r i t e s .  The carbonaceous c h o n d r i t e s  show c l o s e  agreement ( w i t h  t h e  

e x c e p t i o n  of m t a l l i c  Fe and i r o n  o x i d e s  and s u l f i d e s )  w i t h  t h e  non- 

ca rbonaceous  c h o n d r i t e s .  

2.  The s u l f u r ,  water, and ca rbonaceous  matter c o n t e n t  of carbonaceous 

m e t e o r i t e s  and of t he  H-group  c h o n d r i t e s .  

3 .  O p t i c a l  a c t i v i t y  of  O r g u e i l  e x t r a c t s ,  p r e p a r e d  by Nagy u s i n g  t h e  method 

of Hayatsu,  compared w i t h  t h o s e  r e p o r t e d  by him. 

4. Summary of a d d i t i o n a l  expe r imen t s  ( e x t r a c t a b i l i t y ,  ch romatograph ic  

behav iour ,  s p e c t r a l  band s h i f t  w i t h  d i f f e r e n t  s o l v e n t s ,  chemical  

r e a c t i o n s )  which p o i n t  ou t  t h a t  t h e  O r g u e i l  f r a c t i o n ,  shown i n  Fig.  14, 

c o n t a i n s  a n c i e n t  p o r p h y r i n s .  



Type 1 
Orguei 1 

Fe (Metal)  0.00 

27.34 S u l f i d e )  

N i  1.37 

co 0.07 

S i  31.12 

T i  0.09 

A 1  2.68 

Mn 0.22 

Mg 32.48 

C a  1.81 

N a  1.97 

K 0.12 

P 0.33 

C r  0.40 

To ta l  100.00 

Fe (Oxide-  

Table  1 

Type 11 
Meghei 

0.00 

26.18 

1.41 

0.06 

31.85 

0.09 

2.90 

0.19 

33.19 

2.04 

1.40 

0.07 

0.29 

0.33 

Average 
H. Chond r i tes  

16.18 

10.05 

1.57 

Atomic 

per  cen t  ages  

S, C,  water  

e l imina ted  

0.09 

33.12 

0.09 

3.60 

0.25 

31.68 

1.60 

1.56 

0.19 

0.19 

0.33 

100.00 

T a b l e  2 

Type I1 
Orguei l  Meghei 

S 5. 50 3.66 

19.89 12.86 

Carbonaceous 6.96 2 .48  

H2° 

100.00 

Average 
H. Chond r i t  es 

1.57 W t .  pe rcentages  

0.37 



Tatle  3 

OFTICAL ACl'IVITY MEASUREMENTS 

ON ORGUEIL EXTRACTS PFO3PARED 

BY THE METHOD QF HAYATSU 

Measurements were Ipade by the Cal i fornia  Research Corporation on 

samples prepared a t  the University of California,  San Diego. 

Error = 2 0.005O 

Measured at 546 mp 

Univ. of California,SD 1,2 
Sample Haayat su 

Saponifiable, -0.001 

Non-saponif i ab l e ,  -0.001 
( A2) 

(A3) 
-0.025 

4.014 

1. A colored blank prepared by refluxing sulfure  with benzene- 
methanol, as described by Hayatsu, showed no rotat ion a t  t h i s  
wavelength (-0.005) 

A l l  San Diego r e s u l t s  were corrected for canplete process blanks. 2. 

T a b l e  4 

EVIDBNCE FOR PO8PHYRINS IN THE ORQUEIL If PTWORITE 

Main Speotrel Abwrption Feakuer In the Orguell Extrncts 
3 8 7 - 8 8 8 ~  - not po hyrln 
410-412 mp - probabs porphgrllt 
480-446 mup - not porphyrln 

P.xamlnatlon of 410-413 pipmelit 
lixtrmtabiiity from carbonnceoiis -- d%ar  to terrmtrial wdiiiieitt, 

roek porphyrfm 
Chromatography on dilca gel - similar to terreltrlal sedimelrt 

porphyrins 
Spectral shift of Soret bond with - slmllar , to terrestrial sediment 

mlvent porphyrins 
Chemial R8actlom 

--HBr-HOAc dccompositions - ~iinilar to terrestrial wdlnisnt 
(limlted test) porphyrins 

-KOH and sulphur deaomposi- - slmllnr to termtrial .sedheiil. 
tlon porph yrlna 

Origin of 410-412 nyr igment 
C u u W h t i o n  by diuta. solla and - unhely. due to vlr1ii:rl ubseiicr? 

m n t  eedimenb of clilorlm 
hdigemous - likely 

bterinrci vcrardyi porphyrin 
Probable identity aud ronceiit-ration of 41G.112 mup pi iiieiit 

-- 0.01 p.p.m. of meteor%- 
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